Background. osteoporosis-related fractures impose a large and growing societal burden, including adverse health effects and direct medical costs. postfracture utilization of health care services represents an alternative measure of the resource costs associated with these fractures.
A pproximAtely 10 million Americans are estimated to have osteoporosis, and the disease is thought to be responsible for more than 1.5 million fractures annually (1) . these fractures are concentrated among older adults, as frailty and declining bone mass associated with aging lead to increased risk of falls and fractures (2) (3) (4) . A recent study by Cheng and colleagues (5) finds that nearly 30% of elderly medicare beneficiaries have osteoporosis or have experienced an osteoporosis-related fracture . Skeletal fractures in the elderly population have been associated with numerous adverse health outcomes including disability (6) , psychological deterioration (7, 8) , and mortality (9) (10) (11) . the resultant fractures are also expensive to treat. Kilgore and colleagues (12) estimate that the incremental costs of osteoporosis-related fractures in the medicare population (in 2007 $) range from $7,788 (95% confidence interval, $7,550-$8,025) for distal forearm fracture to $31,310 (95% confidence interval, $31,073-$31,547) for hip fracture.
Although several recent studies have examined the use and effectiveness of various forms of postacute care in the treatment of fragility fractures (13) (14) (15) (16) , virtually no research has examined patterns of treatment across the entire continuum of clinical care. to our knowledge, the sole exception is work by Wiktorowicz and colleagues (17) , which examined 1997 data from a single Canadian region. even there, the focus of the analysis was the derivation of cost estimates rather than a description of the pattern of utilization per se. Using nationally representative medicare claims data and a new algorithm for identifying long-term nursing home residence, this study provides more detailed estimates of the utilization burden of fragility fractures in the elderly population.
the article has two objectives. First, it identifies the incremental service utilization associated with fractures at seven anatomical sites commonly linked to osteoporosis. Following the empirical approach of Kilgore and colleagues (12) and lonnroos and colleagues (18) , we use person-specific changes in utilization before and after fractures to estimate the incremental service burden for each fracture type. For consistency with earlier work, we compare utilization in the 6 months prior and subsequent to the incident fracture diagnosis date. the second objective is to apply a newly developed claims-based algorithm for identifying nursing home residence (19) . the algorithm distinguishes between short-term (skilled nursing facility [SNF] ) and long-term nursing care, and throughout this article, we refer to patients receiving long-term nursing care as "nursing home residents." We use the algorithm to examine transitions into nursing home residency following fractures and differences in incremental utilization by nursing home residency status at the time of the incident fracture.
the purpose of this study is to provide detailed estimates of the average health services utilization associated with fragility fractures. We use person-specific comparisons to control for underlying variation in health/utilization and identify the incremental impact of fractures on the use of various health services. Characterizing these patterns of health services utilization is an initial step toward studying the determinants of these patterns of care, exploring the trade-offs in treatment options, and identifying opportunities to improve the quality of care for this broad set of fragility fractures.
Methods

Data Sources
this study was approved by our university's institutional review Board and the Centers for medicare and medicaid Services privacy Board. All our analysis is based upon a 5% random sample of medicare beneficiaries taken from the Chronic Conditions Warehouse (20) . the Chronic Conditions Warehouse provides beneficiary demographic characteristics and comprehensive longitudinal administrative claims data (inpatient, SNF, outpatient, physician, and home health) for 1999-2005.
Fracture Cohorts
the claims data are used to construct annual cohorts of patients diagnosed with an incident occurrence of one of seven skeletal fractures-clinical vertebral, hip, pelvis, femur, tibia/fibula, humerus, and distal radius/ulna. We distinguish incident fractures from prevalent cases by requiring that patients had remained continuously enrolled in medicare during the previous 12 months without any claims containing diagnosis codes for the specific fracture site. Following earlier work, we employ a highly specific case definition algorithm to identify each of the non-vertebral (21) (22) (23) (24) and vertebral (25) fractures in our study. our case definitions require either an inpatient hospitalization with an appropriate international Classification of Disease, Version 9, diagnosis code or a hospital outpatient or physician service claim containing Healthcare Common procedure Coding System codes relevant to the specific fracture. to focus on fragility fractures that are more likely to be related to osteoporosis, for anatomical sites other than distal radius/ulna, we restrict our analysis to closed or pathologic fractures (26) . Additionally, we restrict our analysis to elderly (older than 65 years) U.S. residents (50 states + District of Columbia), who were continuously enrolled in fee-for-service medicare (parts A and B) in the 12 months prior to their fracture.
Utilization/Health Status Measures
We use the date of service from the case qualifying claim (admission or from date) to establish a precise index diagnosis date for patients in each of our fracture cohorts. We then use data from the inpatient, outpatient, skilled nursing, physician, and home health claims files to construct measures of health services utilization in the 6-month periods before and after (including the index diagnosis date) the incident fracture. the use of this specific window is motivated by earlier work, showing that average monthly health expenditures return to baseline approximately 6 months after the fracture occurrence date (12) . Because of this 6-month follow-up window and the 12-month incident exclusion criterion, our analysis is limited to fractures occurring in 2000-2004. the claims data are used to construct three broad types of utilization measures in the 6 months prior and subsequent to the fracture diagnosis date. First, we calculate the total number of acute inpatient days, which allows us to identify the share of fracture patients who were treated in the inpatient setting and the average length of stay conditional on an acute hospitalization. Next, we construct measures of postacute care utilization, including total days in various postacute inpatient settings-SNFs, inpatient rehabilitation facilities, and long-term care hospitals-and total hours of home health care. Finally, we construct an array of more detailed utilization measures, including hours of physical and occupational therapy (pt/ot) by setting, and counts of outpatient physician visits by specialty. these physician visit counts will not capture postoperative care provided in the inpatient setting.
Following yun and colleagues (19) , we use claims data to characterize each patient's (long-term) nursing home residency status in each month of our study period (1999) (2000) (2001) (2002) (2003) (2004) (2005) . the algorithm initially uses SNF claims and the place of service and Healthcare Common procedure Coding System codes from the outpatient and physician claims to classify each person month into one of three categories: (a) "not nursing facility resident"-no nursing facility related claims in the month; (b) "short-term nursing facility resident"-one or more SNF claims in the month; and (c) "long-term nursing home resident"-nursing facility claims, but no SNF claims in the month. Ultimately, individuals are defined as (long-term) nursing home residents in all observation months subsequent to the initial month containing evidence of a long-term nursing facility stay. yun and colleagues (19) tested their long-term residency algorithm using claims-based residency status from the medicaid analytic extract files for the dually eligible and selfreported nursing home residency status from the medicare Current Beneficiary Survey. in validation at the person-year level, the algorithm exhibited a high degree of sensitivity (0.85-0.86) and specificity (0.90-0.97) against the medicaid analytic extract and medicare Current Beneficiary Survey files. We use monthly long-term nursing home residency status to construct variables denoting place of residence at various time periods subsequent to the fracture. to account for the competing risk of death in our nursing home transition analysis, we use death dates from the Chronic Conditions Warehouse data to create mortality indicator variables at various intervals subsequent to the index fracture diagnosis. the claims data also are used to construct several measures of patient health status at the time of the fracture diagnosis. First, we construct an indicator variable denoting whether the patient was hospitalized during the prior 6 months. Second, we calculate total medicare expenditures (for all provider types) in the 6 months prior to the index fracture date. third, we use inpatient, outpatient, and physician claims from the year prior to the fracture to construct the Charlson comorbidity index (27) . We use primary and secondary diagnosis codes and the traditional Charlson weights to construct our comorbidity index. Finally, we use each patient's nursing home residency status in the month prior to their fracture diagnosis date to determine place of residence (nursing home vs. community) at the time of the fracture.
Statistical Methods
our analysis is designed to provide an overview of health services utilization associated with an extensive set of skeletal fractures in the medicare population. in contrast to hip and vertebral fractures, which have been studied extensively in the clinical and health services literature, less work has examined the burden of non-hip non-vertebral fractures. With this broader focus, we address three fundamental questions.
First, we examine variation in patient demographic characteristics and ex ante health status by fracture site. We are interested in the extent to which patients with fractures considered more strongly associated with osteoporosis (eg, vertebral, hip, distal radius/ulna) differ from patients with fractures at other sites.
Second, we examine the mix of services medicare patients receive after fractures of each of our seven sites. For each category of service, we report the unconditional mean for each fracture site and the fraction of patients with nonzero utilization. to estimate the incremental effect of fractures, we also calculate the average person-specific difference in utilization in the 6-month postfracture period relative to the 6 months prior.
Finally, we examine mortality and transitions into longterm nursing home residence at various intervals (3 months, 6 months, and 1 year) after the initial fracture diagnosis. motivated by this analysis, we reexamine the incremental utilization associated with fractures for nondecedents (at 6 months) and explore differences in the incremental utilization of patients living in nursing homes (vs. community dwelling) at the time of the incident fracture. All analyses were conducted using SAS version 9.1 (SAS institute, inc., Cary, NC). radius/ulna (78.9) and tibia/fibula (79.1) fractures and highest for pelvic (82.7) and hip (83.0) fractures. the fraction women vary from a low of 73.9% for clinical vertebral fractures to 86.9% for distal radius/ulna fractures. the racial composition is similar across the fracture cohorts, with the exception of femur and tibia/fibula fractures, which are significantly more common among African Americans than are fractures at others sites. As with the relationship between age and fracture site, measures of ex ante patient severity generally decrease as we move from the proximal to distal extremities. patients with hip, pelvic, and femur fractures have higher total health expenditures, higher Charlson scores, and are more likely to live in a nursing home at the time of their fracture relative to patients with tibia/fibula fractures. Variation in baseline health status across fracture sites may reflect differences in predisposing factors affecting fracture risk or differences in the coding of specific fractures. For instance, more than 10% of femur fracture patients, who have the worst baseline health status, were hospitalized with a primary diagnosis of hip fracture during the prior 6-month period. the underlying health status of clinical vertebral fracture patients is roughly similar to that of patients with hip, pelvis, and femur fractures. For each of the seven fracture sites, table 2 presents detailed measures of total utilization in the 6 months following the fracture diagnosis date. We retain decedents as we are initially interested in the average level of health services required to treat elderly medicare patients with skeletal fractures. the proportion of patients with an acute inpatient hospitalization ranges from 35% for patients with distal radius/ulna fractures to more than 90% for fractures of the hip, pelvis, and femur. Variation in inpatient utilization across fracture sites reflects differences in the severity of fractures, their precipitating events, and the underlying health status of patients. the unconditional mean number of acute inpatient days ranges from 3.3 for distal radius/ulna to 11.3 for hip and femur fractures. As would be expected, the proportion of patients receiving inpatient postacute care (SNF, inpatient rehabilitation, and long-term care hospital) is highly correlated with acute inpatient hospitalization rates varying from less than 20% for distal radius/ulna fractures to more than 80% for hip fractures. SNFs account for the bulk of inpatient postacute days, and SNF stays are significantly longer on average (conditional means ≈35-45 days) than inpatient rehabilitation stays (≈15-20 days).
Results
in addition to this facility-based care, many fracture patients also receive postacute services through home health agencies. Approximately one third of the patients in our analysis received home health care in the 6-month period following the incident fracture, with nearly half of hip, pelvis, and femur fracture patients receiving home health care. pt/ot, which can be provided in multiple settings (inpatient acute/postacute, home health, and outpatient), are significant components of postfracture care. Across fracture sites, the fraction of patients receiving pt/ot is highly correlated with the proportion of patients with an acute hospitalization. Conditional on receiving pt or ot, patients in our cohorts average approximately 25 hours of pt and 20 hours of ot in the 6 months following a fracture. Finally, table 2 shows that the total count of outpatient physician visits is roughly constant across the seven fracture cohorts. Notes: SNF = skilled nursing facility. * We report unconditional means of each category of utilization (ie, based upon full sample with and without utilization of given type of service). Standard deviations are reported in parentheses.
† "other specialties" include all physicians other than primary care (internal medicine and family practice) and orthopedics. ‡ We report the total amount of pt/ot provided in all settings (acute inpatient, postacute inpatient, and home health care).
table 3 presents differences in utilization in the 6 months before and after the fracture diagnosis date. By using each patient as his/her own control, this design implicitly assumes that the incremental changes in utilization are directly attributable to the fracture diagnosis (12, 18) . For each of the fracture sites, we observe a significant increase in the proportion of patients with an acute hospitalization in the 6 months after the fracture. even among the least severe fracture type-distal radius/ulna-there is a 20 percentage point increase in the rate of acute hospitalization. Fractures are associated with incremental increases in acute inpatient days ranging from 1.9 for distal radius/ulna to 8.7 for hip fractures. the large standard deviations reported in table 3 suggest that inpatient days are highly variable and are not normally distributed.
the impact of fractures on utilization is most pronounced for postacute services. in contrast to the baseline period where fewer than one half of acute inpatients received postacute inpatient care, the postfracture increases in acute and postacute admissions are nearly identical. this suggests that most patients who are hospitalized for fracture treatment also receive postacute inpatient care. Fractures are associated with fivefold to sixfold increases in the average number of postacute days and similarly large increases in the use of home health and pt/ot. in table 4, we present a similar analysis for the subsample of patients who survived to the in table 5 , we investigate mortality and transitions into nursing home residence following fractures. We calculate these transition probabilities separately for patients residing in nursing homes and the community at the time of the initial fracture diagnosis. initial nursing home residence is associated with elevated postfracture mortality. Although short-run (3 months) mortality is not uniformly higher, nursing home residents have significantly higher 1-year mortality (p = .05) for all seven fracture types. We observe modest rates of entry into long-term care in the year after fragility fractures. At the end of our 6-month utilization window, just 0.9%-1.2% of patients who were initially community dwelling had transitioned to nursing home residence. one year after the incident fracture diagnosis, 2.4%-4.0% of patients initially living in the community now resided in nursing homes. Conditional on survival, 2.6%-5.6% of patients had transitioned into nursing home residence in the year after their fracture. table 6 presents incremental utilization separately by nursing home residency status at the time of the initial fracture. patients residing in nursing homes experience smaller postfracture increases in acute and postacute hospitalizations for fractures other than clinical vertebral, humeral, and distal radius/ulna. incremental changes in acute inpatient days are larger for nursing home residents for some fractures (clinical vertebral and humerus) but smaller for other fracture types (femur). Nursing home residents experience significantly larger increases in postacute days for all seven fracture sites. Nursing home residents experience smaller, yet positive, changes in the use of home health care after fractures. this reflects differing arrangements for the provision of pt/ot across long-term care facilities, with some nursing homes contracting out these services to home health agencies.
Discussion
this article builds upon earlier work examining fracture costs and provides a more detailed analysis of postfracture health services utilization in the elderly medicare population. Following the approach of Kilgore and colleagues (12), we estimate the health services burden associated with fractures using mean person-specific changes in utilization in the 6-month window before and after an incident fracture diagnosis. Fragility fractures are associated with significant increases in acute inpatient hospitalizations, although the magnitude of these effects varies by fracture site. Whereas inpatient hospitalization may be essential for nearly all hip fractures, for other fractures (eg, tibia/fibula, humerus), there is less uniformity in use of inpatient care. We observe similar increases in the proportions of patients with acute and nonacute stays after all fractures, which is consistent 
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Notes: *our algorithm is able to identify the month, but not the specific day, of entry into long-term nursing home residence. Nursing home residence at 90 days, 180 days, and 1-year is determined by residency status in the 3rd, 6th, and 12th month subsequent to the month of the initial fracture diagnosis. NH = Nursing Home; Comm = Community Dwelling.
Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/65A/9/1012/757836 by guest on 07 March 2019 with the majority of patients who are hospitalized for fractures also receiving inpatient postacute care. Fractures are also associated with significant increases in the use of home health care and pt/ot, suggesting an important role of these rehabilitative services in post-fracture outcomes. Using a newly developed claims-based algorithm for determining nursing home residence, we address two additional issues relevant to postfracture utilization. First, we examine postfracture transitions into long-term nursing home residence, an outcome that is rarely examined in health services research utilizing medicare claims data. our descriptive analysis suggests that entry into long-term care is a relevant component of postfracture utilization. Second, we examine differences in postfracture utilization between patients living in nursing homes and the community at the time of the initial fracture. this analysis suggests that nursing home residence may be an important, and often overlooked, predictor of health services utilization in claims-based research.
there are three important limitations associated with our empirical approach for estimating the health services burden associated with fractures. First, we identify the incremental utilization associated with fractures by comparing utilization in the 6 months before and after the fracture diagnosis. our analysis does not assess what fraction of this incremental utilization is directly attributable to the fracture diagnosis; therefore, our estimates should be viewed as upper bounds for the changes in utilization directly attributable to fractures. However, work by Kilgore and colleagues (12) suggests that alternative international Classification of Disease-9-based attribution methods may substantially understate the cost burden of fractures. Second, the 6-month period does not allow us to differentiate between care provided at different points relative to the index diagnosis. For instance, we cannot distinguish between a fracture-related hospitalization on the index date and a hospitalization for an unrelated medical problem occurring later in the follow-up window. Finally, in the absence of a control group, our descriptive analysis of postfracture mortality and transitions to nursing home residency is unable to identify the direct causal effect of fractures.
the earlier limitations suggest the need for a more detailed examination of two distinct phases of treatment-the initial fracture repair and the postrepair rehabilitation services. A number of nonclinical factors may influence the specific procedure used and the location (inpatient vs. outpatient) of the initial fracture repair. recent work by the Dartmouth Atlas Group (28) documents significant geographic variation in the use of total hip replacement surgery, and similar variation is likely to exist in the intensity of postfracture repairs. in addition to patient, provider, and market characteristics, treatment decisions may also be influenced by reimbursement incentives. medicare's outpatient prospective payment system, which was implemented in August 2000, created fixed prices for groups of procedures provided in the hospital outpatient setting. Future work is needed to examine how the transition from cost-based reimbursement to the outpatient prospective payment system affected the site of fracture treatment (inpatient vs. outpatient) and the intensity of the repairs provided in the outpatient setting. the use of postacute care among medicare beneficiaries has grown dramatically since the adoption of the inpatient prospective payment system in the early 1980s (29) . Since then, a sizeable literature has explored the use, determinants, and effectiveness of various forms of this care (10, 11) . much of this research has focused on the effects of prospective payment systems for postacute care introduced under the 1997 Balanced Budget Act (15, 30) . researchers have also examined the role of a variety of other nonclinical factors including marital status (31, 32) , hospital characteristics (33) , and availability (13) in determining the specific type of postacute care patients receive. Additional research is needed to explore how reimbursement changes have affected fracture treatment over time.
this study provides detailed estimates of the incremental health services utilization associated with fragility fractures and serves as a first step toward identifying opportunities for quality improvement efforts. Despite surgical advances, postfracture mortality remains high owing to the multiple comorbidities and frailty that often accompany fractures (34) (35) (36) . Geographic and racial differences in fracture treatment should be explored further to improve the quality of direct fracture care (37, 38) . Quality improvement efforts must also stress the improved management of other comorbid conditions during the postfracture rehabilitation period. By identifying the mix of services commonly used in treating fractures, this study draws attention to the important role of home health agencies and other postacute providers in improving the quality of postfracture care.
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